Abstract
Introduction
This paper estimates the demand for the Hong Kong currency ("HKD") circulating in the South China region, mainly in the Guangdong Province of China and Macau. There is a large literature on the policy implications and estimations of key currencies, such as the US, German, Swiss and Japanese currencies, held outside the currency issuing countries (Doyle (2000) , Latter (2000) , Porter and Judson (1996) , Rogoff (1998) , Sprenkle (1993) , among others). For other currencies such as HKD, Greenwood (1990) and Hawkins and Leung (1997) have calculated the amount of HKD co-circulating with the renminbi ("RMB") in the Guangdong Province of China. The goal of this paper is to provide an alternative methodology to the existing work and an updated estimate on the foreign circulation of HKD.
In the empirical literature (see the survey by Krueger and Ha (1995) ), a rough measure of home currency circulating outside the issuing country is from the currency-per-capita balances of a "control" country that has no foreign circulation of its own currency. Currency issued in excess of the currency-per-capita of the "control" country is reckoned as currency circulating outside the issuing country. Another simple method is to examine the amplitude of seasonal fluctuations, assuming currency circulating abroad does not easily flow back to the home country with seasonal patterns. In this method, the seasonal pattern of a "control" country is first identified. For example, in estimating the US dollars abroad, the Canadian seasonal pattern is used as a benchmark. The difference in the seasonal patterns can be used to compute the US dollars circulating abroad.
Recently, Doyle (2000) makes an impressive attempt to reckon the foreign circulation of the US dollar.
He chooses Canada as the benchmark country from which the per capita currency demand of Canadians can be estimated. Using the estimated coefficients from the Canadian currency demand function as a benchmark, the "true" US currency demand can be calculated. The discrepancy between currency issued and the "true" currency demand is the US currency abroad. Similar to other approaches, Doyle also chooses a country as control.
Elsewhere in the literature, Hawkins and Leung (1997) have estimated the foreign circulation of HKD. They assume that the surge of HKD circulating in Guangdong is triggered by Guangdong's economic growth.
This growth started in 1984 as the result of China's open door policy and economic reforms. They introduce a China Dummy, a "dummy" time trend started at 1984, in a currency demand equation for HKD. The estimated coefficient of this dummy variable is used to calculate HKD circulating in Guangdong. This technique echoes the earlier work by Greenwood (1990) who computes the currency/GDP ratio of Hong Kong up to 1983. Then this value is used to predict, using a downward time trend for this ratio, the "true" currency demand in Hong Kong in 1989. The excess between the amount extrapolated and the total amount issued in Hong Kong is foreign circulation. Both Greenwood and, Hawkins and Leung find that the foreign circulation of HKD is approximately 19 billion HKD or 20 per cent of the total issued currency. The present analysis puts the macroeconomic variables of China and Hong Kong into the regression model instead of approximating some of these variables by a time trend as in Greenwood and, Hawkins and Leung. Section 2 of this paper discusses the empirical framework for the demand of HKD. It is difficult to identify which components of the estimated demand coefficients belong to Guangdong and which belong to Hong Kong. To overcome such difficulty, a specific functional form is used which gives additional restrictions among the estimated coefficients. Section 3 discusses the data and the regressions. The present paper finds that the demand for HKD in Guangdong is mainly for transaction purposes and amounts to 7.4 per cent of the total currency issued in Hong Kong. Macau also uses HKD extensively. The amount of HKD in Macau is around 3.2 per cent of the total HKD issued. Section 4 concludes, highlighting the main results.
The Framework
Let the money market equilibrium equation in Hong Kong be represented by the following simple form:
In equation (1) 
where E p is the exchange rate of HKD (the amount of HKD per unit of RMB); R is the opportunity cost of holding currency, which is a composite function of the two interest rates, the Hong Kong interest rate and the Chinese interest rate:
Interest yielded from Chinese assets, which is in RMB, will have a capital gain if HKD depreciates. This is captured in the second component of equation (3). Out of these currency holdings, M p + E p B p , a fraction of it, k, is held in HKD. This fraction will depend on the expected rate of depreciation of HKD, ∆E p /E p , that is:
Equation (4) is broadly consistent with the portfolio balance models and with the money-in-the-utility inter-temporal models that have a strong microeconomic foundation (see Cuddington (1983 ), Zervoyianni (1992 , Obstfeld and Rogoff (1999; chapter 8) among others). Let the total money supply of HKD be
The following (first order Taylor series) linear approximation for Ln (M t ) is employed 1 :
where,
where M c 0 and M p 0 , in the γ-parameter equation above, are the sample means (or alternatively, the longrun values) of M c and M p respectively. L 0 is the constant term that captures the other terms in the Taylor series expansion. The following log-linear "structural" equation can be derived:
Let the estimation of the above "structural" equation be of the following form:
where ε is the error term and the b i 's are the estimated coefficients. In what follows, two methods of estimation will be introduced, each representing an extreme form of specification.
Suppose the R function in (3) takes a CES-functional form. Depending on the substitution parameter in the CES function, R takes on the extreme case of a linear form to a Leontief form when the substitution parameter changes from infinity to zero. These two extreme cases correspond to estimation methods A and B below. Both methods provide useful benchmarks.
Method A
The first method assumes that the R function takes a linear form. The functional form m(.) and m p (.) are also assumed to be identical. Consider the case when I = I p + ∆E p /E p . The two assumptions imply:
(8) I = R(I , I) = r 1 I + r 2 I where r 1 and r 2 above are the constant terms in the linear R-function. In terms of the "structural" coefficients in equation (6), equation (8) implies (1 -γ)a 1 = γ(a 5 + a 6 );
with r 1 = γa 5 /(1 -γ)a 1 , and r 2 = γa 6 /(1 -γ)a 1 ; And: 
Method B
Suppose the R function takes a Leontief form. At an "interior" equilibrium of the economy, I and I p + ∆E p /E p must be in fixed proportion, that is:
(10) r 3 I = r 4 (I p + ∆E p /E p ) = R;
where r 3 and r 4 above are constants. Using the relationship in (10), the variable I can be eliminated from (6). We now arrive at the following specification:
where a 9 = a 5 (r 4 /r 3 ) + a 6 ;
In the above specification, it is not necessary to assume that m p and m have identical functional forms.
By specifying a functional form for R(.), which gives additional restrictions among the coefficients, the demand coefficients for HKD from Guangdong can be identified. Moreover, Method A and B provide informative upper and lower boundaries for the "family" of R-functions.
The Empirical Results
The sample period in the present analysis starts at 1987 because of the unavailability of the Chinese data before that. As for the I p variable, China's lending rate is chosen for this variable. The sampling period of China's lending rate (Central Bank Base Interest Rate, less than 20 days) starts at 1987, while China's three-month savings deposit rate and time deposit rate series start at 1988 and 1989 respectively.
As for the Y p variable, the output of Guangdong province in China, the Gross Industrial Output (GIO) quarterly series from the CEIC Data Company is chosen instead of the Guangdong annual GDP series.
From 1991 to 1999, this GIO series is in 1990 prices and, from 1987 to 1990, it is in 1980 prices. The quarterly GIO volume index, extracted from Statistical Yearbook of Guangdong, is used to adjust the GIO series to 1990 prices. The GDP series from the Guangdong Statistical Yearbook records only annually, but could provide a useful cross check nonetheless. In 1990 (especially in the third and fourth quarters), the quarterly GIO series from the CEIC shows an obvious error as the gross industrial output drops enormously by two-thirds while the annual GDP series and the quarterly GIO volume index series in the Guangdong Statistical Yearbook show a smooth positive growth. The GIO series is then re-adjusted with some guide provided by the Guangdong Statistical Yearbook. Since January 1998, the coverage of the industrial output statistics in China broadens. A dummy variable is used, when the GIO series is seasonally adjusted, to account for the change in the assessment method. As the GIO (or the Y p ) series is in 1990 prices and in millions of RMB, the series is converted by E p , as shown from equation (2) to equation (7).
The variable Y, the GDP in Hong Kong, is in millions of HKD and in 1990 prices. The Implicit Price
Deflator of Hong Kong is chosen for the variable P, the value of which is set to unity in 1990.
2 The other series I, I p and InfD (see later) are not seasonally adjusted in the regressions because seasonal patterns have not been identified empirically in those series.
3 A common practice by investment companies to gauge the overvaluation of exchange rates (and hence the expected depreciation) is to measure the gap between the real exchange rate and unity. This common practice is also captured by the long-run inflation differential.
The dependent variable M t in the regression is the amount of currency, in millions of HKD, issued in Hong Kong (or the total amount of M 0 ). The three-month time deposit rate is chosen for the variable I, because it is easily comparable to other related works (see Huynh (2000) , Hawkins and Leung (1997) As for the expected rate of depreciation variable, ∆E p /E p , there is no satisfactory way to deal with this in the empirical literature, especially in small sample regressions. There is only a small, incomplete set of forward exchange rates for the renminbi. A useful candidate to measure the expected rate of depreciation is by the long-run inflation differential between China and Hong Kong. By increasing the cost of production relative to its trading partners, the exchange rates will be increasingly overvalued. With a deteriorating current account, the likelihood of devaluation will increase. 3 In the regressions, the variable InfD is the difference between China's CPI inflation rate and Hong Kong CPI inflation rate (see the estimation technique by Frankel (1979) in a related literature). while the series InfD is I(0). The cointegrating regressions and cointegrating parameters of equation (7) are reported in Table 2 . From the augmented Dickey-Fuller test statistics (see Cheung and Lai (1995) , Hamilton (1994) ), reported as equations A and B in Table 2 , all the variables specified in (7) are cointegrated.
That means there is a long-term equilibrium relationship between these variables. The short-run adjustments, or the error-correction model, of equation (7) is reported as equations (A1, A2) and (B1, B2)
in Table 2 . The significant t-statistics in the error-correction term (Error (-1) in Table 2 ) suggests that a stable short-run property of the data exists. The error in each time period converges to its long-run relationship.
To check the robustness of the estimation, equation A in Table 2 considers the whole array of variables specified in equation (7) In the cointegrating regressions, the estimated coefficients have the predicted signs except for I p , the coefficient of which is statistically insignificant and has the wrong sign. The variable I p is therefore dropped in equation B. As for the variable I, the estimated coefficient has the predicted sign but is statistically insignificant, which is contrary to other findings in the literature. This is a problem caused by small samples. When the same money demand equation with only the Hong Kong variables in it is run independently with a longer time series, the estimated coefficient from the Hong Kong three-month time deposit rate will be (slightly) larger but statistically much more significant. In the error-correction models, and three equations, the two constructed money demand equations and equation (5a). Note that in equation (5a), reproduced in (12) below, both M c and M p equations contain γ. Rather than solving out the entire three equations for the three unknowns, a convenient method is to assume an initial trial value for γ, then derive fully the money demand equations for M c and M p , and recalculate the value of γ from (12) below. After that, iterate until the calculated value of γ converges to its trial value. 4 (12)
The computed value γ for every year is reported in Table 3 . This ratio rises steadily, peaked at 1989 and at 1994, and then falls steadily thereafter.
From Table 3 , the values of γ, calculated from either Method A or B, are very similar. The average of the two methods over the sample period is about 7.4369 per cent.
To have an idea of a 95 per cent confidence interval for the estimated value of γ, take the log on equation (12), and substitute the equation for Ln(M p /P) into the right-hand-side of (12). With some re-arrangement, we have the following:
The variables underlined in equation (13) are the sample averages; b 1 is divided by four to average out the estimations from Methods A and B. Hence, for an estimated value of γ (i.e., γ = 0.074369), equation (13) represents a "restriction" on the estimated coefficients of equation (7). A Wald test can be employed for the hypothesis that the given set of coefficients are jointly equal to the value on the right-hand-side.
The standard error of this equality test (the left hand side of equation (13) equals zero) is 0.253747, with 4 There is some discrepancy between the calculated M t (= M c (γ) + M p (γ)) and the actual/sample M t . This discrepancy could come from the constant term of the regression, the L 0 term (or the term b 0 ), as indicated in (5b). To see this, move the constant term to the left hand side of the equation and use that constant term to adjust the M t variable. The constant term is dropped in the estimation because, statistically, it is not significantly different from zero. Therefore, calculating γ, the ratio of money demands, rather the level of money demands, will have an advantage as the discrepancy on the level variables, in a ratio form, cancels off. 
HKD in Macau
So far, the present estimation has been on the Hong Kong currency circulating in Gaungdong. There is also a substantial amount of HKD in neighbouring Macau, where the local currency, the Patacas, and Table 4 ).
Conclusion and Discussion of Results
The present paper has provided an empirical framework from which HKD circulating outside Hong Kong can be estimated. Further research is needed to check the robustness of the present findings.
Based on the present findings, there is about 11 per cent (7.4 per cent in Guangdong and 3.2 per cent in Macau) of Hong Kong currency circulating outside Hong Kong. The empirical result supports the hypothesis that the demand for HKD in Guangdong is mainly for transaction purpose.
Therefore, its short-run impact on the exchange rate and on the volatility of international reserves of
Hong Kong during currency crisis should be minimal. This claim is also supported by the estimated coefficients in the short-run model (or the error-correction model). Moreover, there is evidence of currency substitution between HKD and RMB in the long run.
In estimating equation (6), many small variations of specification have been tried. They do not yield substantially different results from the present. One variable that may be of concern is the output series from Guangdong Province. If the current output series is replaced by a simulated output series with faster growth rates than the actual series, it will give a substantially larger estimate for HKD circulating in 6 Let the actual Ln(Y) series be replaced by a simulated series of Ln(Y) -0.002t (t is time, starting from zero), which has a slower growth rate than the actual series. This will give γ a computed value of 14 per cent. Data Source: CEIC data Co., unless specified otherwise. 
